The ϳ235 nm photodissociation of CH 3 CFCl 2 pre-excited to three, four, and five quanta of C-H methyl stretches was studied to investigate the effect of internal parent excitation on the dynamics of two-and three-body photofragmentation. The ϳ235 nm photons also tagged spin-orbit ground Cl 2 P 3/2 ͓Cl͔ and excited Cl Cl* time-of-arrival profiles revealed their energies and angular distributions and showed broad and unstructured fragment kinetic energy distributions. Although a significant amount ͑ϳ50%͒ of the available energy is transferred into internal energy of the CH 3 CFCl fragment, the spatial Cl distribution is characterized by a nonvanishing anisotropy parameter, ␤, which indicates at a fast dissociation of the parent molecule along the C-Cl dissociation coordinate. Moreover, ␤ for Cl changes from a slightly positive value to a negative value, while that for Cl* increases when the pre-excitation is increased from three to five quanta of C-H methyl stretches. This is attributed to the promotion of one of the nonbonding electrons located on the Cl atoms to the * antibonding C-Cl orbital and involvement of several upper states with different symmetry properties.
I. INTRODUCTION
The hydrochlorofluorocarbons ͑HCFC's͒ have reached a fundamental significance since they were introduced as interim replacements for chlorofluorocarbons ͑CFC's͒, that release atomic chlorine into the stratosphere, which participates in the catalytic ozone destruction cycle. Consequently, photochemistry of the HCFC's is placed in the focus of the attention of atmospheric chemists in order to evaluate the HCFC ozone depletion potential. 1 The interest in HCFC photodissociation is normally linked to fragmentations into two photoproducts. However, at higher dissociation energies, conditions that might be found in the upper stratosphere, three-body decay, where molecules split into three photofragments becomes possible and needs to be taken into account for an understanding of atmospheric chemistry.
Apart from its role in atmospheric processes, the dynamics of three-body decay has recently become a subject of research in its own right.
2,3 Nevertheless, until today, even for photoinduced three-body decay, as the simplest example of an elementary three-body chemical process, only few studies exist, leaving an almost unexplored field of chemical reaction dynamics. In particular, studies that test the effect of initial parent nuclear motion on three-body fragmentation are scarce. 4 Although of high complexity, they can provide new insight into these processes and an understanding of bond breaking. Of particular interest in three-body dissociation is the energy disposal among the emerging fragments and their spatial distribution that might shed light on the involved potential energy surfaces ͑PES's͒ and the ensuing dynamics during dissociation.
Vibrationally mediated photodissociation ͑VMP͒, 5, 6 in which molecules are prepared in a vibrationally excited state and then promoted by a photon to a dissociative excited state, is now recognized as a method that provides direct means for studying the influence of rovibrational excitation on dynamics. The VMP approach was applied to the twobody fragmentation of several molecular systems including hydrocarbons. 4, [7] [8] [9] [10] [11] [12] [13] [14] [15] These studies revealed the effect of the initial state preparation on relative yields of product channels, internal state distributions, and vector correlations. In particular, in some cases alteration of product identity or distribution in VMP could be found in comparison to the almost isoenergetic one-photon photodissociation. 7, 8, [11] [12] [13] [14] This is due to sampling of different portions of the upper PES by the vibrationally excited wave function and to the participation of more than one PES, leading to different adiabatic and nonadiabatic interplay in VMP compared to the one-photon photodissociation.
Like the impact of vibrational preexcitation on two-body photodissociation, it is expected that three-body breakup of molecules might also be affected by internal nuclear motion of the parent. The feasibility of corresponding experiments has recently been demonstrated by the evidence for the onset of three-body decay in the photodissociation of vibrationally excited CHFCl 2 .
halogen atoms are ideal candidates for studying three-body decay. Their electronic configuration lets one expect a localized electron excitation from nonbonding electrons located on the halogen ͑X͒ atoms into the antibonding * ͑C-X͒ orbital, 16 thus weakening both C-X bonds simultaneously and leading to their rupture. Three-body decay has been studied in detail for CF 2 Br 2 17 and CF 2 I 2 , 18 which exhibit easily accessible absorption bands above 200 nm and a relatively low three-body decay threshold. For CF 2 Br 2 , a sequential three-body decay was observed in the wavelength range from 260 to 223 nm, whereas for CF 2 I 2 a smooth transition took place from a two-to a concerted three-body decay, in competition with two additional I 2 producing channels, upon increasing the energy of the dissociating photon from 3.53 eV ͑351 nm͒ to 6.42 eV ͑193 nm͒.
Vibrationally mediated photodissociation studies are greatly facilitated by the existence of chemical bonds where a significant amount of energy can be deposited upon vibrational excitation. To this end, one or more C-H, O-H, or N-H bonds are employed to tune the pre-excitation energy over a wide range. In our study of the VMP of CHFCl 2 4 the evidence for the onset of three-body decay was observed upon surpassing the three-body decay threshold by increasing the energy of the vibrational pre-excitation of the C-H bond. The VMP of CHFCl 2 pre-excited to the 3 1 and 4 1 C-H polyad components occurs via two-body decay, while that of CHFCl 2 (5 1 ) occurs via both two-and three-body decay. The three-body decay mechanism cannot unequivocally be determined due to the little available energy in the decay to three fragments. Nevertheless, the observed anisotropy parameter, ␤, of 0.47 for ground state Cl 2 P 3/2 ͓Cl͔ atoms, suggests a concerted decay in agreement with the expectations from considering the involved molecular orbitals ͑MO's͒. Yet, observation of different ␤ values, accompanied by different kinetic energy distributions ͑KED's͒ for the spin-orbit states of the chlorine atoms, are an evidence of a more complex fragmentation scheme involving excited states of AЈ and AЉ symmetries that probably mix via curve crossing.
Like CHFCl 2 , we have recently studied the ϳ235 nm photodissociation of jet-cooled CH 3 CFCl 2 excited with two and three quanta of C-H methyl stretches.
14 The action spectra and the Doppler profiles of the corresponding photofragments were measured, revealing that both Cl and Cl 2 P 1/2 ͓Cl*͔ are released as a result of C-Cl bond cleavage. The action spectra were characterized by a multiple peak structure, attributed, relying on a simplified local mode model, 19, 20 to couplings of C-H methyl stretches and deformations. From the area ratios of the Doppler profiles, the Cl*/Cl branching ratio was found to be ϳ0.5.
In this paper, in continuation of our work on CHFCl 2 4,15
and on direct photodissociation of CH 3 CFCl 2 21 at 193 nm, we report on the results of ϳ235 nm photodissociation of CH 3 CFCl 2 13,14 excited with three, four, and five quanta of C-H methyl stretches. 14, 20 This molecule was chosen to study the involvement of the different PES's, to examine the role of the three-body channel in VMP and to get insight on the structural dependence of the decay mechanism. The speed distribution f (v) and anisotropy parameters, ␤, were obtained from the time-of-arrival profiles of 35 Cl and 35 Cl*. The energy distributions of both Cl and Cl* for molecules prepared in the C-H ϭ3 -5 C-H methyl stretches of CH 3 CFCl 2 are broad and similar, ranging from nearly zero center-of-mass ͑c.m.͒ translational energy to the maximal available energy. Therefore, it seems that the energy remains mainly in the parent fragment CH 3 CFCl where the internal energy increases with pre-excitation from three quanta of C-H methyl stretches to five. Nevertheless, the energy distribution of Cl obtained via five quanta of C-H methyl stretches differs from that via three or four quanta states by a tail in the lower energy region. The small fraction of ''slow'' photofragments indicates an onset of a three-body channel for the photodissociation via five quanta of methyl stretches where the three-body decay threshold is surpassed. For spinexcited Cl*, no hint for a three-body decay was observed.
II. EXPERIMENT
The experiments were carried out in a home-built Wiley-McLaren TOFMS 22 similar to that reported previously. [13] [14] [15] The CH 3 CFCl 2 sample ͑98% purity͒, prepared as a ϳ10% mixture in Ar at a total pressure of 10 3 mbar, was expanded through a nozzle-skimmer arrangement. The pressure in the ionization chamber was typically ϳ8ϫ10
Ϫ6 mbar under working conditions. The beam is characterized by a rotational temperature of ϳ8 K and a vibrational temperature of Ͻ100 K, as estimated from the VMP of propyne-d 3 (3 1 ), carried out under similar conditions. 11 These temperatures minimize the rotational inhomogeneous structure and the overlap with hot bands in the region of the monitored vibrational states. 14 The source of vibrational overtone excitation ͑IR/visible͒ pulses, ͑typically 6 mJ around 1166.3 nm for preparation of C-H ϭ3, 10 mJ around 887.4 nm for C-H ϭ4, and 12 mJ near 727 nm for C-H ϭ5͒ was the idler beam of an optical parametric oscillator ͑bandwidth ϳ0.08 cm Ϫ1 ͒. Following the excitation pulse, after a delay of typically 15 ns, the excited CH 3 CFCl 2 molecules were photodissociated by a counterpropagating UV beam ͑ca. 120 J͒ from a frequency doubled tunable dye laser ͑ϳ0.4 cm Ϫ1 ͒. The wavelength of this beam was chosen to fit the two-photon transition of Cl (4p 2 D 3/2 ←3p 2 P 3/2 ) at 235.336 nm and Cl* (4p 2 P 1/2 ←3p 2 P 1/2 ) at 235.205 nm to tag the photofragments by ͑2ϩ1͒ REMPI. 23 The IR/visible beam was focused with a 15 cm focal length ͑f.l.͒ lens and the photolysis/probe ͑UV͒ beam with a 30 cm f.l. lens. The UV laser photolyzed the CH 3 CFCl 2 molecules efficiently only when overtone excitation was induced, due to the very low absorption cross section of vibrationless ground-state molecules at 235 nm. 24 Ions formed via REMPI in the focal volume were subjected to continuously biased extraction ͑Ϫ450 V͒, two acceleration stages ͑Ϫ850 V and Ϫ1700 V͒, two pairs of orthogonal deflection plates, and an einzel lens prior to entering the field-free drift region and eventual detection by a microsphere plate. The time-of-arrival profiles of the 35 Cl and 35 Cl* resulting from 5000 shots were recorded with a digital oscilloscope and stored on a disk for later analysis. The TOF profiles were taken under space focusing conditions 22 at two different geometries, vertical ͑UV laser polarization perpendicular to the TOF axis͒ and horizontal ͑UV laser polarization parallel to the TOF axis͒. The effect of the apparatus on the time-of-arrival profiles was previously determined 4 using the approach of Varley and Dagdigian, 25 i.e., measurement of the time-of-arrival profiles of 35 Cl photofragments from 355 nm photolysis of Cl 2 . These profiles allowed the electric field strength, E, to be calculated in the ionization region, which was found to be 124 V/cm, 12% lower than the nominal field strength. In addition, the profiles enabled the estimation of the apparatus response time and the effective probe laser linewidth that affects the time-of-arrival profiles through Doppler velocity selection along the probe laser direction. 25 The KED's and the anisotropy parameter were extracted from the TOF profiles, employing a previously described forward convolution method. 
III. RESULTS AND DISCUSSION

A. Time-of-arrival profiles and their analysis
Experimental 35 Cl and 35 Cl* ion arrival profiles, following the ϳ235 nm photodissociation of CH 3 CFCl 2 prepared in the main peak of the observed multiple peak structure of C-H ϭ3 -5 vibrational states 14, 20 are displayed in Figs. 1͑a͒-1͑c͒, respectively. In the case of four quanta of C-H methyl stretches, the pre-excitation of the two main peaks observed in the action spectra 20 were examined, whereas for C-H ϭ3 and 5, only the main peak was measured. No significant differences were found between the two in C-H ϭ4, therefore only the results from the main peak are presented. Although essentially similar distributions were observed, at slightly longer flight times, for the 37 Cl fragments, only the portions showing the 35 Cl fragments are exhibited. Also, since the intensity of the signal of 35 Cl is three times larger than that of 37 Cl, due to its larger natural abundance, analysis of the former was preferred. These profiles represent the VMP ''net'' profiles, and were obtained by removing the small contribution, when present, resulting from the ϳ235 nm photodissociation of vibrationless ground-state molecules ͑vibrational excitation laser off͒ from the signal monitored when both the vibrational excitation laser and the UV laser were on.
The observed profiles were obtained with the polarization of the photolysis/probe UV laser parallel or perpendicular to the TOFMS axis and with the polarization of the IR/ visible vibrational excitation laser axis remaining fixed with perpendicular polarization. The profiles of both Cl and Cl*, taken under these polarization conditions, are shown in Figs. 1͑a͒-1͑c͒.
The main feature in the profiles of Fig. 1 is found in the difference between the shapes of the Cl and Cl* spin-orbit components. The ground-state Cl photofragment spectra are singly peaked for the parallel and perpendicular polarization of the UV laser, although different widths and profile shapes are noticeable for different UV polarization. The excited state Cl* photofragment spectra are doubly peaked for the parallel and singly peaked for the perpendicular polarization of the UV laser. The profiles obtained for the pre-excitation of five quanta of C-H methyl stretches are noisier than that of C-H ϭ3 and 4 due to the smaller transition probability in the vibrational excitation step, but the qualitative behavior remains the same. A doubly peaked TOF profile is observed only if the dissociation process forms photofragments of equal translational energies but with velocity vectors pointing toward and opposite the flight axis. These spatially anisotropic fragment distributions are characterized by relatively narrow speed distributions, f (v), centered around a large speed value v . In principle, ion-flyout, where particles miss the detector because of small velocity components v z towards the detector and large velocity components perpendicular to the detector axis would also reduce the profile center, but the acceleration voltages were adjusted so that this effect can be ruled out.
The spatial fragment distribution
26,27 is characterized by the velocity depen- Cl͑ 2 P 1/2 ) photofragments produced in the ϳ235 nm photolysis of CH 3 CFCl 2 pre-excited with three quanta ͑panel a͒, four quanta ͑panel b͒, and five quanta ͑panel c͒ of C-H methyl stretches. Solid points and open circles are the experimental data points taken with the polarization of the UV photolysis/probe laser parallel and perpendicular, respectively, to the TOFMS axis. The polarization of the overtone excitation laser was perpendicular to the TOFMS axis. Solid lines are the simulations of the corresponding profiles. These lines denote the best-fit velocity distributions, with constant ␤, finite time response of the apparatus ͑modeled as a Gaussian with 20 ns full-width-halfmaximum͒ and Doppler selection by the finite bandwidth of the probe laser ͑modeled as 0.3 cm Ϫ1 at the 1-photon wave number͒. dent anisotropy parameter ␤ ranging from Ϫ1 ͑perpendicular transition͒ to ϩ2 ͑parallel transition͒, where is the angle of the polarization vector of the dissociating laser with the product recoil velocity vector, and P 2 is the second Legendre polynomial: P 2 (x)ϭ 1 2 (3x 2 Ϫ1). The observed difference in the profile shapes of the different spin-orbit states could, in principle, be accounted for by a similar speed distribution accompanied by a significantly different anisotropy parameter. However, the calculated ␤ parameter does not vary significantly for Cl and Cl* in C-H ϭ3 and 4 pre-excitation ͑see Sec. III C͒.
Therefore, the increase in the intensity of the center of the arrival time distribution obtained in VMP of CH 3 CFCl 2 C-H ϭ3 -5 can be attributed to an increase in production of ground-state Cl photofragments with nearly zero center-ofmass ͑c.m.͒ translational energies. The difference in the profile shapes for perpendicular and parallel polarization geometries in the case of pre-excitation of C-H ϭ3 and 4 indicates that both Cl and Cl* photofragments are released predominantly through a parallel electronic transition with a positive ␤. 26, 28, 29 To quantitatively extract the ␤ parameters and the c.m. Cl and Cl* photofragment speed distribution, simulations of the TOF profiles were carried out and optimized by a genetic algorithm procedure which minimized the deviation of the simulated profile from the experimentally observed profile. Identical ␤ parameters were used for simultaneously fitting the profiles for both polarization geometries. The simulation procedure has successfully been employed for the dissociation of CHFCl 2 . 4 The best results for the KED obtained by the simulations are shown in Fig. 2 . As can be seen from Fig.  1 , the fits to the experimental data are of good quality, although only a single velocity-independent ␤ parameter was employed in the simulation procedure.
B. Energy distributions
The kinetic energy distributions, P(E), and the ␤ parameters obtained for Cl and Cl* photofragments resulting from VMP via three, four, and five quanta of C-H methyl stretches are shown in Figs. 2͑a͒-2͑c͒ but the pre-excitation via C-H ϭ3 and C-H ϭ4 does not surpass the threshold for the three-body process where two chlorine atoms are released:
The enthalpies, ⌬H 0 , of reactions ͑1͒ and ͑3͒ were calculated for the spin-orbit states with the lowest energy from the standard enthalpies of formation (⌬H f 0 ) of the molecule and radicals involved in the process [30] [31] [32] and the errors were calculated as the sum of individual squared errors. The standard enthalpies were partly estimated as arithmetic means from the fully chlorinated and fluorinated species, when data was not available in the literature. The ⌬H 298 0 required for loss of one or two Cl* atoms are higher than the values given for Cl in reactions ͑1͒ and ͑3͒ by 10.6 kJ/mol and 21.2 kJ/mol, respectively.
Taking into account the combined energies channeled into CH 3 CFCl 2 molecules, and assuming that ⌬H 0 equals Cl͑ 2 P 1/2 ) ͑dashed line͒ in ϳ235 nm photodissociation of vibrationally excited CH 3 CFCl 2 C-H ϭ3 -5. The distribution was obtained from simultaneous fitting of the parallel and perpendicular profiles. The arrows at the high energies, in the different panels, indicate the maximum possible energies calculated for the two-body photodissociation of CHFCl 2 for three, four, and five quanta of C-H methyl stretches, respectively. The other two arrows in the slow energy region of the bottom panel indicate the maximum allowed energy in the sequential and concerted three-body process, respectively. the C-Cl bond dissociation energy D 0 , the available energy E avl and the maximum energetically allowed energies for Cl photofragments were calculated and are shown in Table I . The maximal kinetic energies for Cl and Cl* arising from decay channel ͑1͒ are indicated by the arrows in Fig. 2 . In fact, the arrows should be shifted to somewhat larger energies if (⌬H 0 0 ) are retrieved. The energy distributions are centered at relatively high values with tails that reach the maximum Cl energy as Fig. 2 clearly shows. The correspondence of the distribution centers to large energies might indicate that the dissociation process occurs on a repulsive PES, as expected from the broad and unstructured first absorption band of CH 3 CFCl 2 . 24 In addition, the average translational energy E T release of the CH 3 CFClϩCl fragment pair via reaction ͑1͒ is calculated. Since the excess energy E avl is known, the translational energy disposal fraction E T /E avl can be calculated and is shown in Table I 34 and Gentry 35 and their co-workers, their translational energy disposal fraction, differ from those obtained by Matsumi et al. 38 They probed the Cl atoms by REMPI and measured the Doppler profiles in 193 nm photodissociation of several chloromethanes. The E T /E avl that they obtained were much higher, i.e., 0.85 for CHCl 3 and 0.78 for CH 3 Cl. With respect to the latter values, it must be taken into account that an integrative method like Doppler profile analysis generally tends to underestimate the contribution of slow particles, especially if the speed distribution is broad.
It is noteworthy that the Ē T values shown in Table I remain constant, within experimental error, upon preexcitation with three to five quanta of C-H methyl stretch. Relying on the involved MO's, the observed anisotropy, and the unstructured absorption spectrum, all hint at a direct, barrierless dissociation on a repulsive surface. Moreover, structurally similar molecules were found to dissociate directly and fast in the dissociation coordinate. 17, 34 However, in CH 3 CFCl 2 there is no significant additional energy flow into the dissociation coordinate upon increasing C-H methyl stretches excitation as observed in the case of CHFCl 2 , where Ē T increased from 126 kJ/mol to 139 kJ/mol upon pre-excitation via three to four quanta of C-H methyl TABLE I. Calculated maximal kinetic energies E max , observed mean total Ē T , fraction of the kinetic energy and the ␤ anisotropy parameters in the photodissociation of vibrationally excited CH 3 CFCl 2 . The Ͼ symbol is due to the unknown E T of CHF.
stretches. This observation can be explained by the following arguments: As the time period between the pre-excitation and the dissociation is by far long enough for a complete redistribution, 14 which occurs on a subnanosecond time scale, the pre-excitation energy via three, four, and five quanta of C-H methyl stretches will be distributed over the 18 normal modes in the CH 3 CFCl 2 molecule. 39 Total equipartitioning of the pre-excitation energy on all vibrational degrees of freedom leads to an additional energy flow of 950, 1250, and 1530 cm Ϫ1 , respectively, into the C-Cl dissociation coordinate. Therefore, only one or two quanta of C-Cl stretch will be populated taking a typical vibrational quantum of 600 cm Ϫ1 into acount. 40 The corresponding increase of the kinetic energy of the ejected Cl atoms is so small that it is not observable due to the experimental resolution. Whereas in the case of CHFCl 2 , a smaller molecule with only 9 normal modes, the increase of the kinetic energy of the Cl atoms from photodissociation of 3 1 to 4 1 is noticeable, while via 5 1 the three-body decay channel starts to contribute by adding low kinetic energy fragments. The observation of constant Ē T hints at a similar shift for the ground-and excited-state surface in the reaction coordinate by approximately the value of the internal energy of the partner fragment CH 3 CFCl or CHFCl, whereas the small additional kinetic energy is induced by only few quanta of C-Cl stretches. 41 The very slow Cl photofragments, observed in the VMP of CH 3 CFCl 2 via five quanta of C-H methyl stretches, might emerge from a synchronous concerted three-body decay, where two C-Cl bonds are broken simultaneously, or from a sequential three-body decay.
2,3 For the former, the maximum allowed Cl velocity is 610 m/s ͑6.5 kJ/mol͒ and for the latter 720 m/s ͑9.1 kJ/mol͒, as indicated by the corresponding arrows of the bottom panel of Fig. 2 . It is noteworthy that the calculated maximum energies, based on the above ⌬H 298 0 values for the reactions, suffer from inaccuracies due to the relatively large uncertainties in the enthalpies of formation. The slow atoms contribute to less than 4% to the total Cl fragments, whereas in the case of CHFCl 2 the contribution of the three-body decay channel was about 10%. Thus, the dynamics of the three-body decay cannot be verified. In the case of Cl* no slow atoms were observed, which is not surprising due to the very small available energy which would lead to maximal speeds of 270 m/s ͑1.3 kJ/mol͒.
C. Anisotropies
The electronic configuration of the ground state is:
Both unoccupied (12aЉ) 0 and (19aЈ) 0 MO's are C-Cl antibonding. The occupied (17aЈ) 2 , (10aЉ) 2 , (11aЉ) 2 , and (18aЈ) 2 are nonbonding MO's composed of the 3p-electrons of the Cl atoms. Single electron excitation gives rise to eight states of AЈ and AЉ symmetry which are the result of electron excitation from nonbonding electrons located on the Cl atom into antibonding C-Cl MO's ͑*͑C-Cl͒←n͑Cl͒͒ leading to a direct decay.
The magnitude and sign of ␤ are related to the symmetry of the ground and excited state, the orientation of the transition dipole moment in the parent molecule and the excited-state lifetime. The theoretical limit for the ␤ parameter, with parallel to the line connecting the two Cl atoms, is estimated to be ϳ1.1 for the transition AЉ←AЈ ͑based on a Cl-C-Cl bond angle of 112°in CH 3 CFCl 2 ͒ and in the range from Ϫ1 to 0 for the transition AЈ←AЈ as the CH 3 CFCl 2 molecule belongs to the C s symmetry group.
The recoil anisotropies provide essential information regarding the mechanism of bond breaking. The ␤ parameters extracted from the experimental data are shown in Table I . Errors were calculated from the scattering of the 10 ''best'' ␤ parameters obtained by the data analysis procedure described previously. Relying on the data in Table I , it is seen that the Cl and Cl* arising from ϳ235 nm photodissociation of CH 3 CFCl 2 C-H ϭ3 and C-H ϭ4 via two-body processes ͑1͒ possess positive anisotropies with almost constant values, lower than the limiting values.
The ␤ values obtained in the VMP experiment via C-H ϭ3 and C-H ϭ4 are positive, ruling out a pure AЈ ←AЈ excitation, however, they are lower than the limiting values for the pure AЉ←AЈ transition. Relying on the direct excitation of C-Cl antibonding MO's, the dissociation should be prompt and it does not seem likely that the rotational motion accounts for the reduction of ␤ from its limiting value. If only rotation of the parent molecule 42 is responsible for the reduction of ␤, then lifetimes of ϭ172, 57, and 32 fs are estimated for temperatures of 10, 100, and 300 K, respectively, and an equilibrium bond angle of 86°. These small limiting lifetimes are a consequence of the large moments of inertia for the CH 3 CFCl 2 , leading to fast loss of anisotropy due to molecule rotation. Thus, for a bulk experiment at 300 K, it should be virtually impossible to observe the limiting ␤ parameter values even for a direct decay. Under molecular beam conditions, ͑T rot ϭ10 K, T vib ϭ100 K͒ however, a significantly higher ␤ parameter than the observed values of 0.2 to 0.3 would be expected for a direct fragmentation process. Consequently, the observation of less than limiting ␤ values should emerge from dynamical factors or from the simultaneous excitation of AЈ and AЉ states, that probably mix via curve crossing and release both photofragments. From the measured ␤ and the spin-orbit state branching ratio, 14 it is inferred that both Cl and Cl* in C-H ϭ3 and C-H ϭ4 photodissociation are produced as a result of simultaneous absorption to AЉ and AЈ states.
Due to the decrease of ␤ corresponding to Cl via C-H ϭ5, it is likely that the contribution of an additional excited state of AЈ symmetry increases. If this involved AЈ state responsible for the observed ␤ value were identical to the above-mentioned AЈ state, which releases predominantly Cl* atoms, an increase in the Cl*/Cl branching ratio would be expected. However, a decrease was found in this ratio from 0.36 to 0.16 upon increasing the dissociation energy from 235 nm to 193 nm, 14, 21 whereas the ratio is about 0.5 via 235 nm photodissociation pre-excited with three and four quanta of methyl stretches. Therefore it seems that at least three different upper states are involved in the CH 3 CFCl 2 photolysis in the 40 000-56 000 cm Ϫ1 energy range.
The contribution of the three-body decay is small ͑Ͻ4%͒ although after populating the antibonding * ͑C-Cl͒ orbital for both Cl's one would expect significant three-body decay since the energy threshold is surpassed. The insignificant contribution is probably due to the small available energy for the three-body decay. For CHFCl 2 evidence of the onset of three-body decay was observed upon surpassing the energetic threshold as a consequence of the larger vibrational excitation of the dissociation coordinate.
In view of the above-discussed MO's, a participation of the molecular channel (CH 3 CFCl 2 ϩh→CH 3 CFϩCl 2 ) is unlikely. Although the 19aЈ MO is antibonding in both C-Cl bonds, the Cl (3p) atomic orbitals contributing to the 19aЈ MO of CH 3 CFCl 2 do not correlate to the ground-state Cl 2 -bond for the formation of a stable Cl 2 molecule.
All in all the pre-excitation seems to be insignificant for the energetics, but very important for the involvement of the upper states leading to a different spin-orbit branching ratio relative to 193 nm photodissociation of vibrationless groundstate CH 3 CFCl 2 14 and to an enormous increase in the signal intensity due to the improved Franck-Condon factors and the different upper PES which are accessed.
IV. CONCLUSIONS
The VMP of CH 3 CFCl 2 pre-excited with three, four, and five quanta of C-H methyl stretches was studied using the REMPI-TOF technique for the measurement of time-ofarrival profiles of Cl and Cl* photofragments. The data analysis yielded the photofragment energy distributions and the recoil anisotropy parameters. These results suggest that the photodissociation of CH 3 CFCl 2 C-H ϭ3, 4, and 5 occurs via two-body decay. The upper limit for the contribution of the three-body decay via CH 3 CFCl 2 C-H ϭ5 is 4% of the total. The Ē T distributions change only insignificantly upon increasing the excitation energy from three to five quanta hinting at a fast dissociation and a similar shift of both the ground-and excited-state energies with respect to the dissociation coordinate. Most of the excitation energy remains in the partner fragment CH 3 CFCl with increasing internal energy.
While the effect of vibrational excitation on the kinetic energy distribution of the fragment is small, spatial fragment distribution, branching ratios, and the signal intensity are significantly affected by the amount of initially deposited vibrational energy. The anisotropy parameters range from Ϫ0.2 to 0.3. They are lower than the limiting value of 1.1 for a pure AЉ←AЈ excitation indicating that both AЈ and AЉ excited states are involved, which mix via curve crossing to release Cl and Cl*. No significantly different behavior was found for Cl and Cl* except for Cl resulting from the photodissociation of CH 3 CFCl 2 excited to five quanta of C-H methyl stretch. Most likely, the large combined excitation energy allows accessing an additional AЈ state, which predominantly correlates to Cl, thus lowering the effective ␤ parameter. In comparison to the measurement of the photodissociation of vibrationally excited CHFCl 2 , we conclude that the additional methyl group influences the mechanism of the decay. Purely energetic effects due to the increased total ͑combined͒ energy become negligible, whereas the modified vibrational wave function of the electronic ground state results in accessing different parts of the upper PES in a basically constant energy range.
